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subterranean causes. The vibrations of an
earthquake may be so slight that they can
be detected only by the most sensitive Instru-
ments; they may be so strong that buildings
are wrecked, cracks are opened in alluvial
ground, large landslides fall from the sides
of cliffs, and even cities are destroyed. The
vibrations are naturally strongest near the
origin of the shock, dying out gradually at
increasing distances. The Lisbon earthquake
of 1755, the most famous earthquake of his-
tory seems to have been noticeable at a dis-
tance of about 1400 m. from the point of
origin, and over an area of about one-thir-
tieth of the earth's surface, more than half
this area being under the ocean. An earth-
quake that is felt at one quarter that distance
is a very severe one. Earthquakes are now
divided into three classes:

(a)  Those due to the shock of falling rocks,
usually from the roofs of caverns. The Pamir
earthquake of  Feb.   18,  1911, is the only
known earthquake of any magnitude which
may have been due to the downfall of rock.

(b)  Volcanic earthquakes. Slight shocks ac-
company all great volcanic outbursts; these
are not felt, however, except in the immedi-
ate vicinity of the volcano. The great explo-
sion of Krakatoa in 1883, was not felt at
Batavia, 100 m. distant; nor was the erup-
tion of Mt. Pelee in 1902 even recorded on
the seismograph at Trinidad, 300 m. to the s.

(c)    Tectonic  earthquakes,  due to   frac-
tures of the rock. These include all great
earthquakes (and practically all lesser ones),
except possibly that  mentioned  under   (a)
above. Fractures of this kind are well known
to geologists and are called faults; they oc-
cur widely over the earth. The movements
may be vertical or horizontal; indeed, in any
direction parallel with the surface of the fault
The fault involved in the California earth-
quake, 1906, is known as the San Andreas
fault; the movement at the time of the earth-
quake   was   practically   horizontal.   Many
movements had taken place on this fault in
earlier times. Accurate surveys by the U. S
Coast and Geodetic Survey before and after
the earthquake showed that the region w. o:
the fault had, in the  course of 50 years
moved to the n., relative to the eastern side
a distance of about 10 ft., thus causing a frac-
ture. This is the elastic rebound theory o:
earthquakes which may be stated succinctly
as follows:

i. The fracture of the rock which causes a
tectonic earthquake is the result of elastic
strains, greater than the strength of the rock

can withstand, produced by the relative dis-
placements of neighboring portions of the
arth's crust.
2.  These   relative   displacements   are   not
produced suddenly at the time of the frac-
;ure,  but attain  their  maximum  gradually
during a greater or less period of time.
3.  The only mass movements that occur
at the time of the earthquake are the sudden
elastic rebounds of the sides of the fracture
towards positions of no elastic strain; these
movements extend only a few miles from the
fracture.
4.  The earthquake vibrations originate in
the surface of the fracture; the surface from
which they start has at first a very small
area, which may quickly become large, but
at a rate not greater than the velocity of com-
pressional elastic waves in the rock.
5.  The energy liberated at the time of an
earthquake   existed  immediately  before the
rupture in the form of elastic strain of the
rock.
Faults are known in all parts of the
world. In some cases the displacements
amount to thousands of feet and even to
miles. These great displacements could not
have taken place at one step, but must be
the effect of many successive steps, and each
step must have caused an earthquake. All
that can be said definitely is that move-
ments do occur in the earth's crust and that
they are due to some obscure subterranean
forces.
Great earthquakes are never limited to a
single shock. There 5s usually one strong
shock, lasting from half a minute to a min-
ute, followed by a series of so-called after-
shocks, which continue for months or even
years. They are very frequent at first but
gradually and irregularly become less violent
and less frequent, and finally die out; fairly
strong shocks are often interspersed. The Vir-
gin Islands earthquake of 1867 was followed
by aftershocks so frequent for twelve hours
that they could not be separated; it was six
months before they ceased. After the severe
Mmo-Owari (Japan) earthquake of 1891, 3,-
364 aftershocks were recorded at the Gifu
observatory in two years.
The region over which the earthquake is
strongly felt is called the megaseismic region.
The phenomena observed may be divided
into two classes: primary and secondary. The
primary include the slow movements of the
crust resulting in the fracture; the sudden
elastic rebound of the sides; the formation
of fault scarps, or the elevation or depression